






Preventable 30-day readmissions are very costly to the healthcare system. Efforts to reduce their occurrence are thus necessary. Yet, without a clear understanding of the main drivers of this phenomenon, it becomes difficult to efficiently and strategically solve this problem.

Methods
We studied a subset of the Primary Care Resource Center project, including data collected from April 2015 thru April 2016 at 4 hospital centers. We reviewed information from a cohort of patients with heart failure divided into 2 groups: one composed of patients with HF who experienced an episode of readmission within 30 days of discharge, and another composed of patients with HF who experienced a new unrelated admission or an admission beyond 30-day of discharge. A root cause analysis characterized each admission according to 6 categories: patient preparedness/readiness, follow-up support, evidence-base care, planned admission, unrelated acute illness or injury, or undetermined cause. Subcategories of root causes were also studied. Chi-square test of independence and two-way contingency tables yielding relative frequencies and odds ratios were used to examine differences between groups. Fishbone analysis identified critical readmission drivers in the categories selected.

Results
A total of 1920 root cause entries for patients with heart failure, with a mean age of 75.8 years old were studied. Relative frequencies and odds ratios of 30-day readmissions by root cause were 15.02% (OR = 0.39, 95% CI 0.31-0.49) for patient readiness factors, 40.3% (OR = 2.26, 95% CI 1.57-3.27) for discharge process/follow-up factors, 26.2% for evidence-base care factors (OR = 1.13, 95% CI 0.74-1.71), 25.0% (OR = 1.05, 95% CI 0.45-2.43) for planned admission, 30.3% (OR = 1.55, 95% CI 1.23-1.27) for unrelated acute illness or injury, and 31.3% for undetermined cause (OR = 1.54, 95% CI 1.17-2.02).

Conclusion 
Flaws in follow-up support and gaps in discharge process constituted the largest proportion of readmissions, and more than doubled the risk of a 30-day readmission for patients with HF. Additionally, home care, transportation and PCP follow-up related factors were key readmission characteristics identified. 
From a Public Health standpoint, characterizing these relationships can help guide decision-makers in allocating resources where outcomes can be most greatly optimized.
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The rate of patients discharged after a hospitalization who subsequently have an unplanned readmission within 30 days has been a growing concern. This issue has now become of significant importance both from patient safety perspective, and from a healthcare system efficiency perspective. Preventable unplanned 30-day readmissions impinge on the quality of healthcare we deliver in our country and widens the gap in our already crippling national deficit, of which healthcare costs is one of the major drivers. More recently and especially after the enactment of the Patient Protection and Affordable Care Act (PPACA), the Centers for Medicare and Medicaid (CMS) has started to take a closer look at the problem. Specifically, Section 3025 of the PPACA added section 1886(q) to the Social Security Act to establish the Hospital Readmission Reduction Program (HRRP) whereby CMS reduces payments to Inpatient Prospective Payment Systems (IPPS) hospitals with excess readmissions, according to subpart I of 42 CFR part 412 (§412.150 through §412.154) [1].
The Primary Care Resource Center (PCRC) project is a healthcare delivery model developed at the Pittsburgh Regional Health Initiative (PRHI). It attempts to design and trial interventions in 6 community hospitals focused on preventing 30-day re-admissions of patients with certain diagnosis targeted by the CMS HRRP, and thereby decreasing the associated healthcare cost. The scope of the current investigation will consist of a sub-study of the PCRC initiative, focused on a root cause analyses that PCRC staff conducted to understand why patients with a diagnosis of HF returned to the same hospital within 30 days of discharge. 
Root cause analyses are a well- accepted method for identifying the underlying causes that lead to specific problems.  There are a number of approaches and techniques utilized in root cause analyses. A common one is the fishbone (Ishikawa) diagram, which identifies many possible causes for a problem or question, by grouping ideas into useful categories. This widely used structured method is a powerful quality improvement tool that we will utilize, in addition to a rigorous statistical approach, to answer our research question: Among the cohort of PCRC patients with a diagnosis of HF, what are the critical underlying predisposing factors for having a 30-day readmission compared to a reference population of newly hospitalized patients with HF (index admissions)?
In this study, we hypothesize that the critical underlying factors that predispose to having a 30-day readmission will be related to patient discharge processes and post hospital care.


2.0 	Review of the relevant literature
In 2010, nearly 1 in 4 patients diagnosed with congestive heart failure (CHF) was readmitted within 30 days of hospital discharge, and 55% of these were Medicaid or Medicare patients [2]. Programs such as the HRRP were designed with the purpose of putting a dent in the proportion of taxpayer dollars allocated to healthcare, by penalizing “out of line” hospitals.  However, a growing literature suggest that preventable readmissions have little to do with the quality of care received at the hospital  ADDIN EN.CITE [3], [4]. 
Previous studies have identified that patients with complex chronic medical conditions as well as those with behavioral comorbidities have a higher rate of acute episodes that requires repeated hospitalization [5]. Other important factors that increases the likelihood of readmission include living in a nursing home, chronic kidney disease, ischemic heart disease, previous cerebrovascular accident, number of chronic medications, length of hospital stay at index admission, hospitalization in the previous year prior to index admission  ADDIN EN.CITE [6],  ADDIN EN.CITE [7], [8] lack of social support or community resources [9],  ADDIN EN.CITE [10] and frailty  ADDIN EN.CITE [11],  ADDIN EN.CITE [12].
In the discharge and post discharge timeframes, factors that seem to influence the rates of readmission include failure to develop/activate an advance care plan, suboptimal management of the presenting illness, inadequate assessment of functional limitations, and potentially preventable complication of therapy  ADDIN EN.CITE [13],  ADDIN EN.CITE [14]. Frailty and complexity of patients were also identified as being among the most important factors for readmissions  ADDIN EN.CITE [15]. Home-based interventions, intensive education/ counselling, multidisciplinary care approaches, and telephone follow-up were the main types of interventions that showed some benefits in reducing avoidable readmissions [16].
Specific to the population with HF, acute decompensated HF was reported as the most common reason for admission in the Medicare population and the greatest cause of hospital readmission  ADDIN EN.CITE [10]. For this group, home-visiting programs and structured telephone support interventions in the post-acute setting have shown some benefits in reducing readmission rates [17], [18]. Interestingly enough, readmission rates after HF have not been reported to be related to the evidence-based American College of Cardiology (ACC)/American Heart Association (AHA) in-hospital process indicators for HF  ADDIN EN.CITE [19].
Overall, current knowledge suggests that the causes of 30-day readmissions are multifactorial, but appear to be more heavily weighted toward discharge and post-acute care factors. However, the related readmission studies in patients with HF remain weak or conflicting [17], [18]. Although there appear to be some effective interventions aimed at reducing the 30-day readmission rates of patients with HF, some uncertainties remain about the major drivers that influence this phenomenon. Convincingly identifying these drivers may help guide decision-makers in allocating resources and finances to interventions most likely to prevent avoidable readmissions 

3.0 	methods and program design
3.1.1	Study Design
The PCRC project was designed by creating an interdisciplinary team of trained nurses and pharmacists housed in each participating hospital site. The project’s main goals were to improve patient self-management and to bridge the inpatient and outpatient transition for patients admitted with heart failure (HF), acute myocardial infarction (AMI), and/or chronic obstructive pulmonary disease (COPD). Six community hospitals in the western Pennsylvania region initially agreed to implement the PCRC model. This project was funded by the CMS Innovation Center.
3.1.2	Data Collection
Root cause analysis data was collected between April 2014 and April 2015 according to a two-step protocol. First, trained PCRC nurses using their best judgement, identified one of 6 possible reasons that could best explain the cause for a patient admission. These categories were: inadequate patient preparedness/readiness, flaws in follow-up support and gaps in discharge process, deficit in evidence-base care, planned admission, acute illness or injury not directly related to the triggering admission, and undetermined cause. Then, in addition to this subjective 6-option forcing function, PCRC nurses were also given 31 other structured reasons for an admission from which to choose, and a free text entry feature, to document root causes for each admission. This second assessment also conducted at every admission, allowed for an evaluation at a more granular level. Participating sites reported this data to the PRHI at regular intervals. Complete data was ultimately available and analyzed for a total of 4 out of the 6 initial participating hospitals. (One hospital’s data was removed for technical reasons, and another hospital dropped out of the study and its data was removed.)
3.1.3	Subset Sample
All patients across participating sites with a diagnosis of HF – independent of comorbidities – were included in the subset study. These patients were subsequently divided into 2 groups: a group composed of patients with HF who experienced a 30-day readmission (referred to as re-hospitalization or readmission group) and a group composed of patients with HF who experienced a new unrelated admission or an admission beyond 30-day of discharge (referred to as new hospitalization or index admission group). The composition of these 2 groups was non-exclusive, considering that a patient from the hospitalized group may later be part of the re-hospitalized group if they have an episode of re-admission within 30 days of being discharged. The terms hospitalization and re-hospitalization do not depict a patient view, but rather an episode view. 

3.1.4	Data Analysis




Patients with a diagnosis of HF had a mean age of 75.8 years old. Across all sites combined, 1,920 root cause analyses were conducted. A total of 839 encounters had a 30-day readmission or an index admission due to inadequate patient preparedness/readiness, 129 due to a lack of follow-up support and gaps in discharge process, 122 due to a deficit in evidence-base care, 28 due to a planned admission, 498 due to an acute illness or injury not directly related to the triggering admission, and 304 due to an undetermined cause (table 1).


Table 1. Index and 30-day Readmission of patients with HF by Hospital















Figure 2. Odds ratios of 30-day readmissions by root cause












Figure 4. Prevalence of readmissions within each root cause sub-category
5.0 	Discussion
Overall, our findings highlight the fact that hospitalizations and re-hospitalizations may be influenced by different characteristics. Re-hospitalization seems to be mostly driven by patient discharge processes and post hospital care as stated in our study hypothesis. These results agree with the findings in previously published work cited in our literature review of the topic. Moreover, a recent study targeted the very same discharge processes and post hospital care components in implementing a successful quality improvement initiative specifically in patients with HF [20]. The additional piece of information our study brings to the current knowledge is its specificity to patients with HF and the clearer understanding of the major drivers that influence the re-hospitalizations in this patient population.
We observed that discharge process/follow-up factors emerged as the consistently most significant driver of 30-day readmissions, confirmed by statistical analysis of the relative frequencies and odds ratios. The sub-categorical root causes of our fish bone analysis also agrees with our previous findings.  However, we realize that patients in the index hospitalization group who were identified in this category may have very different characteristics from their counterpart in the re-hospitalized group. Consequently, we recognize that patients with index hospitalizations may not be impacted by discharge process/follow-up factors to the same extent as re-hospitalized patients, theoretically because they did not have a recent admission. Moreover, using the index hospitalization cohort as a reference may seem to be an atypical approach; however, it represents an appropriate reference for the scope and purpose of our study. 
Although a strength of this study is its multi-centered characteristic – being conducted in 4 different hospitals – this also generated a lot of variability both in the actual process implementation as well as the data gathering aspect of the study. It is important however to mention that this study was based on a few assumptions that may offer helpful context for the variabilities observed. Although we assumed that measures were taken to limit variability between sites, there remained inherent variations among centers. For instance, we noticed that the proportion of root cause analyses reported varied from one hospital to another (Table 1).   Therefore, some hospitals may have provided more complete data than others. Also with time, sites may have become more experienced at collecting data accurately, whereas other sites’ data collection processes may have been impacted by staff turn-over or possible change in perception. This may potentially explain a relatively large number of admissions categorized under root cause number 6, undetermined cause. Also, the population served by different sites may be different and more vulnerable to certain biases compared to others. For instance, one of our partner site had a majority of patients 65 years or older, who may have had more comorbidities – such as frailty –  than patients at sister sites. 
Additionally, it is worth noting that root cause analyses in our study were performed by trained PCRC nurses. Given that a previous study, although conducted under different conditions than ours, reported that root cause analysis concordance rates between patients, physician and nurses were not always in agreement  ADDIN EN.CITE [21] depending on whose perspective root cause data was collected from, some may argue that a potential source of variability may have been introduced in our study. In our case however, we did not expect to observe similar levels of discordance due to the fact that by design, all of our root cause determinations were made from a nursing perspective. What we could observe, however, is the inter-observer variability within nurses’ subjective decision making in categorization, especially across different sites.  All things considered, with a large sample size recruited over multiple sites, a standardized data collection protocol, and comparable training of PCRC staff, we can assume that data collection, reporting and analyses remained reliable for the purpose of our study.
6.0 	conclusion
Comparing the characteristics of HF patients readmitted within 30 days of discharge, with a reference population composed of HF patients of index admissions, we showed that flaws in follow-up support and gaps in discharge process constituted the largest proportion of readmissions. Flaws in follow-up support and gaps in discharge process also more than doubled the risk of a 30-day readmission for patients with HF. Additionally, home care, transportation and PCP follow-up related factors were key characteristics identified with readmissions. By contrast, patients were less likely to be readmitted within 30 days due to inadequate readiness/preparedness, after they received appropriate education during their index admission. In fact, lack of knowledge regarding diet, medication or lifestyle was the least likely root cause among readmitted patients. 
These results suggest that HF patients re-hospitalized at PCRC sites were more knowledgeable, and engaged in the management of their illness, than their newly hospitalized counterparts. Consequently, by reducing gaps in patient readiness, gaps in discharge process became relatively more frequent, and created a new clinical target for ongoing quality improvement efforts at the time of a re-hospitalization. Equally as important, these findings may be helpful when considering how to appropriately allocate resources in an effort to decrease 30-day readmission rates, and making evidence-based policy decisions that will impact patient outcome and the healthcare system as a whole. 
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